Increased risk of type 2 diabetes with ascending social class in urban South Indians is explained by obesity: The Chennai urban rural epidemiology study (CURES-116).
INTRODUCTION
India has the second largest number of people with diabetes mellitus (DM) in the world. A recent national survey, the Indian Council of Medical Research-INdia DIABetes (ICMR-INDIAB) Study has confi rmed that India has 62.4 million people with diabetes. [1] According to the International Diabetes Federation, by 2030 this will increase to over 100 million. [2] An estimated 95% of these are type 2 DM patients; therefore, the terms DM and type 2 DM will be used interchangeably in this report. Widespread problems arise when a large proportion of a population has DM as it has economic, societal, clinical and individual impact. [3] Therefore, establishing the predominant risk factors and the distribution of these in a given population are of high importance for designing and implementing targeted interventions to halt and reverse the future prospects.
Although there is a strong genetic component for DM, environmental factors are equally important. [4] Of the non-modifi able risk factors, family history of DM and age are of special importance as Indians have a tendency to develop DM at a younger age and are subjected to a strong genetic predisposition. [5] [6] [7] [8] [9] Among the modifi able risk factors obesity, physical inactivity, hypertension, alcohol consumption and smoking are readily established. [10] [11] [12] [13] [14] In industrialized countries, the highest prevalence of DM is found in the lower social classes, whereas the opposite trend appears in developing countries with the highest prevalence being found in the highest social class. [15] [16] [17] Thus, life-styles associated with different social classes may vary between countries. Until now, most studies conducted in India have focused on the difference in DM prevalence between the urban and rural areas and high and low income groups in an intra-urban setting. [17] [18] [19] [20] It is possible that individuals living in urban areas belonging to a higher social class are more likely to be exposed to the specifi c risk factors for DM. However, several studies have shown that socio-economic status also has an independent association with DM, when comparing different socio-economic groups. [17] [18] [19] [20] [21] Therefore, the aim of this study was to determine the factors responsible for differences in prevalence of DM in subjects of different social class in an urban South Indian population.
MATERIALS AND METHODS
The Chennai Urban Rural Epidemiology Study (CURES) is a cross-sectional epidemiological survey conducted on a representative sample of the population of Chennai (formerly Madras city) in Southern India. [19] The survey was conducted between 2001 and 2004 in three phases. In the initial phase of the survey, 46 wards were systematically selected to represent the 10 zones of Chennai. The sample size obtained from each ward was proportional to the total population living in that particular zone. Every third road on the right hand within each ward was surveyed. A structured questionnaire (which had been pretested and validated) was administered to all study participants by the interviewers to collect information regarding demographic, socio-economic, behavioral and health status. All interviewers underwent extensive training on various aspects of the study and a pilot study was conducted among a subpopulation of 100 subjects to overcome the practical diffi culties of performing the study. In phase 1, data was collected until a total of 26,001 individual's ≥20 years of age had been interviewed. This paper primarily concerns phase 3, in which every tenth subject recruited in phase 1 (n = 2600) was selected using the systematic sampling method and invited to our center for detailed anthropometric measurements and biochemical tests. Of these, 2350 participated in the study (response rate: 90.4%). Eligible for inclusion in our analyses were 1,989 (1,071 females) individuals, for whom complete information on all relevant variables was obtained. The mean age was 39.0 ± 12.6 years (range: 20-80 years). DM was diagnosed based on self-reported drug treatment (insulin or hypoglycemic agents) and/or World Health Organization (WHO) criteria, i.e., 2 h post load plasma venous glucose ≥11.1 mmol/l (200 mg/dl). [22] Participants were instructed to fast overnight (≥8 h). All individuals underwent a standard oral glucose tolerance test except for self-reported diabetic participants (n = 136) who had a fasting glucose test only. Venous plasma glucose was measured using a Hitachi-912 Autoanalyzer (Hitachi, Mannheim, Germany). Pre-diabetes comprised participants identified with impaired fasting glucose and/or impaired glucose tolerance by WHO criteria, i.e., fasting plasma glucose ≥6.1 mmol/l (110 mg/dl) and <7.0 mmol/l (126 mg/dl) and/or 2 h post load plasma glucose ≥7.8 mmol/l (140 mg/dl) and <11.1 mmol/l (200 mg/dl), respectively. [22] The following variables were included as possible risk factors; social class, age, sex, obesity, physical inactivity, family history of diabetes and blood pressure (BP). Social class was the primary independent variable in the analyses. The variable is based on self-reported monthly household income and is categorized in accordance to previous studies of social class differences in India. [17, 21] Accordingly, social class was graded as low (` <2000) intermediate (` 2000-5000) and high (` 5000-20 000). Abdominal obesity was classifi ed by waist circumference (WC) according to the WHO criteria for Asians, i.e., ≥90 cm for male and ≥80 cm for female. [23] WC was obtained from all participants. It was measured using a non-stretchable fi ber measure tape. The participants were asked to stand erect in a relaxed position, arms at the side and with both feet together. One layer of clothing was accepted. Waist girth was measured as the smallest horizontal breadth between the costal margins and the iliac crest at the end of normal expiration. WC was measured to the nearest 0.1 cm and carried out twice; the mean value was used as the WC. Abdominal obesity was included as a dichotomous variable in the descriptive analysis and included as a continuous variable in the logistic regression model. Height was measured with a tape as the participant stood without shoes against the wall. Weight was measured to nearest 0.1 kg by a traditional spring balance, which was calibrated every day with known weights. Body mass index (BMI) was employed to assess the general obesity likewise using the WHO criteria for Asians, i.e. BMI ≥25 kg/m 2 . [23] Physical activity was based upon the self-report. Based on exercise, leisure time activities and job related activities respondents were categorized into three groups indicating activity level (vigorously active, moderately active and sedentary). Individuals were graded as vigorously active if they did leisure time exercise and had physically demanding work, whereas individuals who either exercised or had physically demanding work were categorized as moderately active. All others were categorized as sedentary. Family history of diabetes was based on the self-report stating whether both, one or none of the parents were diagnosed with DM.
BP was measured on the right arm using a mercury sphygmomanometer (Diamond Deluxe BP Apparatus, Pune, India) with the participant sitting in an upright position. The readings were recorded to the nearest 2 mm Hg from the top of the mercury meniscus. Systolic pressure was recorded at the fi rst appearance of sound and diastolic pressure was measured at the disappearance of sound (Korotkoff 's phase 5). Measurement was repeated after 5 min and the mean value was recorded as the BP reading. Hypertension was defined by the 2003 Joint National Committee criteria, as systolic BP ≥140 mmHg and/or diastolic BP ≥90 mmHg. Normal BP was recorded as <120mmHg/80 mmHg. [24] BP was included as an ordinal variable in the analyses. Glycated hemoglobin (HbA1c) was measured by the high pressure liquid chromatography method using a Variant machine (BIORAD, Hercules, California, USA).
Statistics
Means ± standard deviation are reported for normally distributed variables. Group comparisons of means were performed using ANOVA F-test. Proportions were compared using a ( 2 -test. Logistic regression analyses were performed on a model including all covariates and two-way interactions, stepwise excluding the least signifi cant variable/interaction, one at a time, until all included covariates was statistically signifi cant (P < 0.05). The dependent variable comprised participants with DM. The independent variables included in the full model were social class, sex, age, WC, family history of diabetes and BP and all two-way interactions. The assumption of logit linearity was tested for the two continuous variables age and WC, by exploring how to best include them.
To ensure that related variables did not diminish each other's effect on the outcome, only one obesity measure was included. WC was employed in the logistic regression analyses as this measure is a better indicator of the risk of developing DM than general obesity measured by BMI in this ethnic group. [23] In our earlier study, [25] we found that WC estimates obesity-related cardiovascular disease risk better than BMI. However, the model search was repeated with BMI to examine whether this recommendation was applicable to our particular study. Finally, to further examine the results from the multivariable adjusted model a forward stepwise model search was performed including the signifi cant variables from the fi nal logistic regression model.
All statistical analyses were carried out using the SPSS 16.0 (Chicago, IL, USA). All tests are two-sided. P <0.05 was considered as statistically signifi cant.
RESULTS
The prevalence of DM in low, intermediate and high social class was 12.0%, 18.4% and 21.7%, respectively. For women, the high social class had signifi cantly higher prevalence compared with intermediate and low social class (P < 0.001). Table 1 shows mean values of baseline characteristics distributed by glycemic status. A statistically signifi cant gradient was found, where higher mean values of age, BMI, WC, diastolic and systolic BP and HbA1c percentage increased from the normal glucose tolerance group to the diabetes group. Table 2 shows the prevalence of various risk factors stratifi ed according to the glycemic status. It is noted that the prevalence of all risk factors were the highest among diabetic subjects, followed by those with pre-diabetes. We found while around 50% of women with normal glucose tolerance had a WC >80 cm, for the diabetes group, it was more than 80%.
Multiple logistic regression analysis resulted in a model including age, social class, WC, family history of DM and BP as risk factors [ Table 3 ]. In the unadjusted analyses, the risk increased with the increasing affl uence (P < 0.001). The stepwise forward model analysis showed that the effect of social class on the risk of having DM remained signifi cant (P = 0.016) when age, family history of diabetes and BP were included. However, with the inclusion of obesity measured by WC in the model, the signifi cant effect of social class disappeared (P = 0.087).
DISCUSSION
This study compares the association between higher social class and diabetes, which suggested that affl uence, was associated with increased risk of diabetes, which is in accordance with several studies, which have investigated the effect of socio-economic status on the risk of DM in developing countries. [17, 18, 26, 27] However, on adjustment for various factors in the step forward regression model, when obesity was included in the model, the differences disappeared suggesting that the difference could be explained by obesity. India is presently undergoing a transition from a pattern generally seen in developing countries, i.e. high prevalence of DM and non-communicable diseases (NCDs) in the higher social class, which is the opposite pattern seen in western countries, where the poor or the low social class have a high prevalence of DM, obesity and other NCDs.
Previously, researchers have shown that obesity is the key environmental factor for DM. [20, 28] We suggest that material life conditions as a proxy for social class could have a major impact on life-style. This suggests that in India, high social class leads to a life-style associated with obesity, which predisposes the high social class to DM. Affl uence assures better life conditions and thus may be employed as a proxy for social class. In addition, affl uence causes the accumulation of several factors such as physical inactivity and higher calorie intake, which again lead to obesity. Knowing that obesity is a central independent risk factor for the development of DM, [29] it is plausible that obesity as a mediator explains the absence of an independent effect of social class on the risk of having DM in the adjusted analysis. The step-wise forward model supports this, as the effect of social class was signifi cant when all other risk factors except obesity were included in the model. With the inclusion of obesity, the signifi cant effect of social class disappeared, suggesting that it is obesity, which is the major determinant of increased prevalence of DM in the higher social class.
On the basis of the evidently close relationship between social class and obesity, we wanted to elaborate on the effect of obesity in our study. When not taking possible confounders into account, we found signifi cantly increasing prevalence rates of both general and abdominal obesity with rising affl uence. Neither gender nor physical activity had a signifi cant effect on the risk of DM in the logistic regression model. As physical activity was measured by self-report, it is likely that this variable is biased by misclassifi cation as people tend to over-report or can have diffi culties assessing their own physical activity level. Hence, this may be the reason for the lack of signifi cant effect of physical activity in this study. in India.
The current study used income as a proxy of social class. This implies that the life-style opportunities available are dependent on the individual's resources. By choosing income as an indicator of social class, the association between social class and DM is explained by how material life conditions affect health. Although, the use of household income to defi ne social class could be associated with a certain degree of bias, we regard the result of our analyses to indicate a valid trend taking the large study sample into account.
It is possible with the rapid epidemiological transition that is occurring in India, the scenario presented in this paper could rapidly change. Indeed, in a 10 year follow-up study of the Chennai Urban Population Study (CUPS) conducted between 1996 and 1998, we have noted that there is now a convergence of the prevalence rates of diabetes in the low and the middle income groups. [30] Hence, it is likely that with time, the prevalence rates of diabetes and obesity may in fact become higher in the lower income group as is presently seen in the developed countries of the world.
In summary, a higher prevalence of DM was found in the higher social class in this urban South Indian population, which is explained by obesity. It would be worthwhile conducting longitudinal studies to prospectively look at the effect of social class on the risk of development of diabetes
